have shown that electric foot-shock can be used to elicit aggressive behavior in paired animals. This is a very reliable phenomenon which they have systematically related to a number of variables such as shock intensity, chamber size, sex, and developmental variables. It is also well established that electric intracranial stimulation (ICS) can be used to produce aggression and/or rage responses of a reflexive nature (Ranson, 1934; Wasman and Flynn, 1962; Masserman, 1964) .
The present report concerns the use of intracranial stimulations (ICS) as a reward or a reinforcer for aggressive behavior. In this case electrode placements (in the posterior hypothalamus, one of the so-called "pleasure centers") are such that stimulation does not elicit any kind of aggressive response, but the animal will go to some lengths in order to procure stimulation.
The literature concerned with conditioned aggression is sparse, both in terms of operant and respondent conditioning. In an earlier paper Dr. Ulrich referred to classically-conditioned aggression in rats. A tone was paired with shock a number of times until the tone alone produced an aggressive response. Dr. Thompson also reported a classically-conditioned aggressive display in Siamese fighting fish (Betta splendens). One well known study in the literature of operantly conditioned aggression is that of Reynolds, Catania, and Skinner (1963) in which food-deprived pigeons attained food, contingent upon aggressive responses toward another pigeon. Ulrich, Johnston, Richardson, and Wolff (1963) did a similar kind of study with rats, in which they used water as a reinforcer for aggressive behavior. In both of these studies a stable pattern of aggression was developed and maintained. It is from this particular lineage that the present study can be traced; however, ICS is used as a reinforcer as opposed to more conventional stimuli such as food or water.
PROCEDURE
After injection of nembutal and chloral hydrate, electrodes were stereotaxically implanted in the posterior hypothalamus of gray-hooded and albino rats using the following DeGroot coordinates: anterior 4.4, lateral .5, depth 2.5 (DeGroot, 1959) . Approximately two weeks after the operation (663) the implanted rat was attached through swivel and wiring to a 100 pulse per sec, biphasic current source in a chamber about 15 in. square. A pulse of 0.5 sec duration was used throughout the study and was monitored with an oscilloscope. Five rats were used in the present study, selected from a population of implants, based on whether or not they could be trained to press a lever for ICS on a continuous reinforcement schedule (CRF). The intensity of the current used was adjusted to yield maximal bar pressing rates for each 5. Due to the swivel arrangement the implanted animal could move about the chamber relatively freely. The 15 in. X 15 in. chamber was housed inside a larger chamber which had a one-way mirror in the door. An observer sat outside the large chamber looking through the one-way mirror and with a micro-switch was able to deliver ICS any time he chose. A naive, non-operated rat was placed in the chamber along with the implanted animal. The implanted rat was then given an extended sequence of "free" or non-correlated stimulations to note if the stimulation elicited any aggressive behavior toward the control animal.
If such stimulation elicited any kind of behavior whatsoever that particular animal was discarded. Thus, only animals for whom stimulation had no observable behavioral effect were used. Then we began, by the method of successive approximation, to shape aggressive behavior toward the control animal. Initially, simply looking at the control animal procured stimulation, then the implant had to move toward the control before he was reinforced, then he had to touch him. Then, by differentially reinforcing the vigorousness of touching, a stable pattern of aggressive behavior was developed and maintained. During shaping the animal was stimulated after each aggressive contact. Later, 2 sec ol aggressive contact was used as the criterion for reinforcement and the recording of an aggressive response. Figure 1 is an example of an implanted rat attacking a control animal. In addition to striking and biting responses, the implanted animals frequently shoved the control animals about the chamber and often knocked them down. During this period the behavior of the control animals varied considerably. Some of the time they were extremely passive, lying down and submitting to the attack. At other times, however, the control animal would strike back, which tended to bring both animals into the stereotyped fighting posture (bottom picture of Fig. 1 ) which has been consistently observed in studies of pain aggression (Ulrich and Craine, 1964; Ulrich, Hutchinson, and Azrin, 1965) . The behavior of the control animal was probably the most important single consideration in explaining the variability noted in Figure 2 . Although some characteristics of unconditioned aggression were present, the fighting appeared to be a function of operant reinforcement, since extinction occurred when the ICS contingency was removed. Moreover, the occasional pain-elicited and stereotyped aggressive behavior following counter-attacks by the control (noted previously) present a noticeable contrast to the arbitrary and flexible form or topography of the conditioned attack behavior.
Another question considered was whether or not the aggression could be maintained on an intermittent reinforcement schedule rather than one in which reinforcement followed each response (CRF). To answer this question three pairs of rats were run for five 1-hr sessions on the following schedules: CRF, 10-sec variable interval, 30-sec variable interval, and then again on CRF. The results are presented in Figure 2 . It can be noted that only two pairs of animals were run under the final CRF conditions because animal #195 had its electrode pulled out following the VI 30" condition. It can also be noted that the level of aggression observed during CRF was not maintained by the intermittent schedules. This failure to maintain the same level of aggression can perhaps be explained in two ways. One possibility is that our electrode placements were such that the reinforcing effects were marginal, sufficient to maintain CRF aggression but too weak to maintain either ratio or interval performance. Similar re- FIG. 3 . Typical sequence from a session between an implanted rat and a cat. The top picture shows the rat initiating contact, then being pushed to the floor and finally immobilized by the cat. suits were found with water reinforcement (Carlton, 1961) where the bar pressing rate by moderately satiated rats was increased by reinstating CRF conditions following a fall-off in rate on various intermittent schedules. A second possible explanation involves the relative frequencies of reinforcement and the punishment administered in the form of counter-aggression by the control animal. Since reinforcement density is lowered when an intermittent schedule is introduced, while the frequency of punishment remains the same, it is not unreasonable that the frequency of attack would diminish.
One of the other things considered was the extent to which the reinforcing effects of intracranial stimulation could alter the typical relationship between a cat and a rat. Could an implanted rat, put into a chamber with a cat, be made to attack the cat? It was, of course, not expected that the same intensity of aggression noted during intra-species conditioning would occur in this situation. Obviously, a rat behaving very aggressively toward a cat would probably be a short-lived phenomenon at best. When a cat and a rat are placed together in a small chamber, in the absence of any reinforcement, the typical behavior of the rat is to avoid any kind of contact with the cat. The rat usually gets as far away from the cat as possible. The cat will, on the other hand, ignore the rat much of the time but at other times playfully bite the tail of the rat or paw it gently on the head. By making ICS contingent upon approaching the cat's head, the rat's behavior changed dramatically. Using this technique the implanted rat frequently initiated and maintained contact with the cat. While the contact was almost never of a vicious nature, there were times when the cat was obviously annoyed and would swiftly retaliate. The retaliation usually took the form of either striking the rat or placing on it one or both front paws thereby immobilizing it. Following this kind of behavior by the cat, it was difficult to get the rat to initiate any kind of contact. Sometimes in order to reinstate the behavior it was necessary to initiate a complete reshaping process.
When a squirrel monkey was substituted for the cat, there were some subtle but interesting differences in the form of aggression. The implanted rat appeared to be less intimidated by the monkey than it had been by the cat, as indicated by a more vigorous pursuit. When paired with the cat, the rat had readily made approach responses but seldom, if ever, had made striking or biting responses. This was not true with the monkey. The implanted rat continuously initiated contact in the form of striking responses and occasionally would even bite the monkey. The frequency of aggressive contact by implant #201, over a period of fifty 30-min sessions, is summarized in Figure 4 . The monkey's most frequent defensive measure during this time was to immobilize the implant. He usually did this either by firmly grasping the ears of the implant (see Fig. 5 ) and holding it at arm's length or by pinning the rat to the floor of the chamber. After some struggle, the rat would free itself and come back up striking at the head of the monkey; the monkey would again attempt to restrain the rat. When this cycle had repeated itself a number of times the monkey would, on occasion, literally throw the rat against one of the walls of the chamber. When this kind of punishment had been administered, the same hesitancy in approaching the monkey that we had seen with the cat was noted.
Here again, the aggression was a function of operant reinforcement since the fighting responses during extinction sessions (sessions 47 and 48 in Figure 4 ) were minimal and occurred almost solely at the beginning of each session.
There are several conclusions to be made. First, there are certainly some advantages in the use of ICS as a reinforccr in the study of aggression. Probably the most important advantage is that there is no disruption in the aggressive behavior of the experimental animal in order to obtain the reinforcer. In previous work, where conventional reinforcers like food or water have been used, the experimental animal had to leave the control animal in order to avail itself of the food or water. In the use of ICS this was not the case. An attack in progress continued uninterrupted as stimulation was delivered. A second advantage was the fact that no apparent effects of satiation appeared. The ICS contingency exerted the same amount of control at the end of a 1-hr session, after many stimulations, as it did at the beginning of the session.
Although the aggression was primarily FIG. 5 . Typical sequence of aggression between an implanted rat and a squirrel monkey. The top picture shows the rat initiating contact, then being grasped and held by the monkey and finally wrestled to the floor.
a [unction of operant reinforcement it was apparent that the situation was complicated by aggressive behavior from other sources. The sudden changes in the tempo and intensity of the aggression strongly suggested the presence of some unconditioned components. This has been recorded in an objective way by researchers who have used food or water reinforcement (Reynolds, et al, 1963; Ulrich, et al, 1963) . They noted that experimental animals often became so involved in aggressive contact with the control animal that they failed to respond to the presentation of the food or water. Perhaps of greatest interest was the fact that no new set of behavioral principles was necessary to account for the behavior we observed. It appeared again simply a matter of the consequences of behavior determining whether or not the behavior was maintained.
